The Hubble Space Telescope UV Legacy Survey of Galactic Globular Clusters (GO-13297) has been specifically designed to complement the existing F606W and F814W observations of the ACS Globular Cluster Survey (GO-10775) by observing the most accessible 47 of the previous survey's 65 clusters in three WFC3/UVIS filters F275W, F336W, and F438W. The new survey also adds super-solar metallicity open cluster NGC 6791 to increase the metallicity diversity. The combined survey provides a homogeneous 5-band data set that can be used to pursue a broad range of scientific investigations. In particular, the chosen UV filters allow the identification of multiple stellar populations by targeting the regions of the spectrum that are sensitive to abundance variations in C, N, and O. In order to provide the community with uniform preliminary catalogs, we have devised an automated procedure that performs high-quality photometry on the new UV observations (along with similar observations of seven other programs in the archive). This procedure finds and measures the potential sources on each individual exposure using library point-spread functions and cross-correlates these observations with the original ACS-Survey catalog. The catalog of 57 clusters we publish here will be useful to identify stars in the different stellar populations, in particular for spectroscopic follow-up. Eventually, we will construct a more sophisticated catalog and artificial-star tests based on an optimal reduction of the UV survey data, but the catalogs presented here give the community the chance to make early use of this HST Treasury survey.
INTRODUCTION
Early in the 20th century, Harlow Shapley used the distribution of Globular Clusters (GCs) to determine the extent of the Milky Way (Shapley 1918 ) and the Sun's position in it to overturn the most accepted model of the Galaxy at the time, the Kapteyn Universe. Nowadays, GCs are still recognized as an important component of Galactic structure and hold important clues for numerous questions related to stellar evolution, stellar dynam-ics, variable and binary stars, and the conditions present during the formation of the Milky Way itself. Consequently, over the years, important efforts have been made to construct complete GC catalogs and thus address some of these questions (e.g. Shapley et al. 1930; Arp 1965; Webbink 1985; Djorgovski & King 1986; Djorgovski & Meylan 1993; Harris 1996) . However, many of the properties included in these catalogs were obtained from integrated light or small stellar samples, and that necessarily constrained the scope of resulting science to general parameters such as total brightness, colors, metallicities and reddenings. In addition, many of the early catalogs were limited by the inhomogeneity that results from different instruments and set-ups.
GC surveys based on homogeneous data-sets are highly desirable since that facilitates comparisons such as those involving age or horizontal-branch morphology. Initial attempts to provide homogenous samples, such as those of Rosenberg et al. (2000) , which produced a catalog of 56 clusters using ground-base data, and Piotto et al. (2002) , which sampled the cores of 74 clusters using Wide Field Planetary Camera 2 (WFPC2), hinted at what such homogeneous data-sets could do. It was only natural that HST's Advanced Camera for Surveys (ACS) would contribute the most uniform, homogeneous catalog to date in the ACS Globular Cluster Survey (GO-10775; Sarajedini et al. 2007 and Anderson et al. 2008) . This survey improved considerably on many of the limitations of previous surveys, which typically suffered from crowding in the central regions or uneven sampling (e.g. the differ-ences between the PC and the WF chips in the WFPC2). The legacy value of the ACS Globular Cluster Survey (henceforth ACS GCS) has been demonstrated by studies addressing a broad range of topics related to GCs, such as mass functions (Paust et al. 2010) , horizontalbranch morphologies (Dotter et al. 2010; Milone et al. 2014) , relative ages (Marín-Franch et al. 2009; VandenBerg et al. 2013) , the Sagittarius dwarf spheroidal galaxy nucleus (Siegel et al. 2007 ), stellar evolution tracks and isochrones (Dotter et al. 2007 ), relative ages of GCs (De Angeli et al. 2005) , clusters with multiple sequences (e.g. NGC 1851; Milone et al. 2008 , Piotto et al. 2012 , Piotto et al. 2015 , and mass segregation (Goldsbury et al. 2013) .
Even at the time of the ACS GCS, GCs were largely assumed to be the quintessential examples of simple stellar populations, born in a single starburst episode. Anderson (1997), Lee et al. (1999), and Bedin et al. (2004) provided the first counter-example to this rule by showing that the main-sequence of ω Centauri was divided into at least two distinct sequences. Even though hints of this had been seen spectroscopically and photometrically along the RGB, the main-sequence data showed that this was not simply an artifact of atmospheric evolutionary mixing.
This initial discovery was soon followed by evidence of multiple populations (MPs) in other GCs: NGC 2808 (D'Antona et al. 2005; Piotto et al. 2007 ), NGC 6441 (Gratton et al. 2006; Bellini et al. 2013) , NGC 1851 (Milone et al. 2008; Cassisi et al. 2008 ), NGC 6388 (Carretta et al. 2007 Bellini et al. 2013 , Piotto et al. 2015 ; NGC 6121 (M4; Marino et al. 2008) , NGC 6656 (M22; Marino et al. 2009 ), NGC 104 (47 Tuc; Anderson et al. 2009; Milone et al. 2012 ) NGC 6752 (Milone et al. 2010; Milone et al. 2013 ), NGC 2419 (Di Criscienzo et al. 2011 , and NGC 288 . In many cases the detection of the MPs was made through the Na-O anti-correlation that stems from the CNO-cycle processed differences of second generation (2G) stars compared with first generation (1G) stars . The filters F275W, F336W, and F438W of the Wide Field Camera 3 (WFC3) in its Ultraviolet-Visible (UVIS) channel happen to be particularly sensitive to these differences. While F275W covers the OH molecular band, F336W includes an NH band, and F438W CN and CH bands. Hence, 1G stars are C-and O-rich and N-poor and tend to be faint in F275W and F438W, while remaining bright in F336W. On the contrary, 2G stars are C-and O-poor and N-rich and tend to be bright in F275W and F438W, but faint in F336W (Milone et al. 2012) . Since this filter set is so perfectly suited to study multiple populations (as well as many other cluster phenomena), the Hubble Space Telescope UV Legacy Survey of Galactic Globular Clusters (GO-13297, PI-Piotto), was designed to use these filters in order to complement the existing optical-based ACS GCS. Piotto et al. (2015) describe the motivation and observing strategy for the survey and show some preliminary results in terms of color-magnitude diagrams. The current paper will provide a preliminary catalog of the survey results. It is organized as follows: in Section 2 we describe the WFC3/UVIS observations that have been used to construct each cluster catalog. In Section 3, we give a detailed description of our procedure, including the detection and measuring processes as well as the crossidentification with the ACS GCS catalogs. We discuss the advantages and shortcomings of these preliminary catalogs in Section 4. Finally, Section 5 summarizes the current catalog and points to an upcoming final version.
OBSERVATIONS
As mentioned above, the GO-13297 UV survey has been designed primarily as a follow-on to the existing F 606W and F 814W observations of the ACS GCS (see Sarajedini et al. 2007) . The ACS GCS sample of clusters was originally selected based on several criteria, the most important being proximity to the Sun and low reddening [E(B − V ) < 0.35]. With one exception, we restricted our sample to the clusters observed in the ACS GCS, but had to exclude those that were either too distant or too reddened to make observations in the UV practical. We also excluded three of the clusters that had already been observed in the UVIS filters. In all, we included 47 of the 65 ACS GCS clusters and added NGC 6791, an old metal-rich open cluster that extends our multiple stellar population investigation to super-solar metallicity.
As described more fully in Piotto et al. (2015) , the faintness of stars in the F275W band is the main limitation to the survey. It would be prohibitive to get S/N ∼ 10 for all stars in Sarajedini's survey in the UV bands, so we aimed simply to reach a minimum accuracy of 0.02 magnitude (or S/N 50 ), in the F275W band down to the turnoff. A total of 131 orbits were allocated to this program: 15 clusters needed only 2 orbits to attain four exposures per band according to our specifications, 4 clusters required 3 orbits each, 8 clusters were observed in 4 orbits, 3 clusters had 5 orbits, 2 clusters required 6 orbits, while 2 others only had 1 orbit each in only two bands. The remaining 14 clusters are either too distant or too reddened to detect MPs for stars below the turn-off, so for them we assigned just 2 orbits to allow identification of the MPs in the evolved populations.
Previous programs with suitable WFC3/UVIS observations in F275W, F336W, and F438W have also contributed to the catalog we present here. Pilot MPs WFC3/UVIS programs GO-12311 (PI: G. Piotto), GO-12605 (PI: G. Piotto) , and the programs with similar observations, GO-11633 (PI: R.M. Rich), GO-11729 (PI: J. Holtzman), GO-12008 (PI: A. Kong), GO-12746 (PI: A. Kong), and GO-12971 (PI: H. Richer), allowed the sample presented here to be expanded to 57 clusters with 5-band data.
In addition to these WFC3/UVIS observations, described above, parallel ACS field observations have also been carried out for each cluster in the F475W and F814W bands. These parallel observations were designed to overlap with archival data in the outer regions of each cluster as much as possible, thus providing the foundation for proper-motion studies at different radii for a significant number of these clusters. The catalog presented here will focus exclusively on the core region observed by WFC3/UVIS.
A detailed account of the exposures for each cluster can be found in Piotto et al. (2015) . For convenience, we provide a brief summary in Table 1 . Note. -In addition to the GO-13297 exposures, this table includes the exposures from GO-12311 and GO-12605, the pilot studies in MPs using WFC3/UVIS. Similar observations in the archive from programs GO-11633, GO-11729, GO-12008, GO-12746, and GO-12971 have also been included. Exposure times are in seconds. ∆Epoch corresponds to the time elapsed between first-and second-epoch observations, namely the time baseline between the ACS GCS observations and the new UV WFC3/UVIS images. ( † ) First epoch from GO-10265 (PI: T. Brown).
DETECTING AND MEASURING IN A COMMON FRAME
3.1. An automated reduction pipeline As was the case with the ACS GCS, the number of images used in this project and the desire for a homogeneous catalog necessitate the use of an automated reduction procedure. This pipeline has to be effective enough to find stars (while avoiding artifacts) and at the same time produce results with a quality comparable to the original ACS GCS catalogs. Below we describe the steps taken in order to accomplish this.
Preliminary reduction steps
All the WFC3/UVIS observations described in Table  1 have been processed using the same procedures in order to provide homogeneous photometry. WFC3/UVIS flt images have been corrected for the effects of imperfect charge-transfer efficiency (CTE) using the parallelized version of the STScI publicly-available FOR-TRAN code 12 (see Anderson & Bedin 2010 for a detailed description of the method). Stellar positions and fluxes for individual exposures were obtained using the program hst1pass, which is based on the publicly available routine img2xym WFC0.9x10 (Anderson & King 2006) and will be made public along with a future paper (Anderson, in prep) . The code goes through each exposure, pixel-bypixel, and identifies as a potential source of interest every pixel that: (1) has at least 25 electrons of flux over sky in its brightest 2×2 pixels and (2) is brighter than any other pixel within a radius of 3 pixels. It uses an appropriate library point-spread function (PSF) to measure a least-squares position for the source (under the assumption that it is a star), a flux (using the central 5×5 pixels and an aperture correction based on the star's location within its central pixel), and also a quality-of-fit metric (Anderson et al. 2008) . Finally, the routine corrects the measured position for geometric distortion using the solution in Bellini, Anderson, & Bedin (2011) , then uses the WCS header information to transform positions into a common frame (in this case, the ACS GCS frame for the cluster).
3.3. One-pass photometry A star must be detectable and measurable reliably on an individual exposure to be included in the present catalog. The one-pass nature of this preliminary reduction does not allow us to go as faint as we will eventually go in the final catalog. In the final catalog, we will find stars simultaneously on multiple exposures in multiple filters then measure them with consistent positions simultaneously in all available exposures, thus allowing deeper photometry. Here, we will restrict ourselves to the stars that have at least S/N 10 in individual exposures. In addition, since we are not attempting a full reduction of GO-13297 at this time, we will simply cross-identify our starlists with the existing ACS GCS catalog.
The finding routine described above produces for each image a list of sources, and for each source it determines an x and y position in the raw detector coordinates, a pixel-area-corrected raw instrumental magnitude m, an instrumental magnitude m 1000 that has been zeropointed to correspond to a 1000-s exposure, and a quality-of-fit 12 http://www.stsci.edu/hst/wfc3/ins_performance/CTE metric q. The calibration of the instrumental m 1000 magnitudes into VEGAMAG happens later in our procedure, as we will see in §3.5. The routine also uses a distortion solution and the WCS information in the image header to transform the observed coordinates into the ACS GCS frame for that cluster to facilitate cross-identification. We call this reference frame the (u,v) frame.
Cross-Identification with the ACS GCS
The processing of the one-pass lists was performed by another routine, named uvm2collate, which will also be described in Anderson (in prep) . In brief, this routine cross-correlates the starlist from each exposure with the Sarajedini catalog, while at the same time generating a representative stacked image in the reference frame for each filter.
On account of typical errors of ∼0.5 arcsecond in the guide-star positions that affect the absolute astrometry of all HST frames, we cannot assume that the (u,v) positions constructed based on the WCS header of each image to be in the ACS GCS frame will automatically be perfectly aligned with the actual stars in the ACS GCS catalog. Thus, for each exposure, we take the (u,v) list and find the horizontal and vertical offsets that provide the most matches with the relatively bright stars in the ACS GCS catalog using a matching radius of 1.75 pixels. This generous radius makes our initial matching robust against small errors in the absolute rotation of the HST frame as well.
We then take this initial cross-identification and use a full 6-parameter linear transformation to relate our new positions to the master frame. We compute residuals and iteratively reject the most discordant star until there are no stars with residuals greater than 0.25 pixel. We then use these final transformations to compute improved (u,v) positions for each cross-identified star. Figure 1 shows the distribution of offsets and orientation adjustments for the 780 images that were transformed in this process. The offset represents the typical pointing error resulting from imperfect guide-star positions. The prevailing orientation difference of 0.05 degree reflects the fact that the rotation we adopted between the distortionsolution frame of Bellini, Anderson, & Bedin (2011) and the V2 axis was slightly off. This did not prevent all the stars from being properly matched, and it will be fixed by the time the hst1pass software is released.
Once the final transformation from each exposure into the reference frame has been established, we take the original loosely cross-identified list and determine improved reference-frame positions for each star. The routine then takes all the cross-identified stars and computes an average position (and an RMS about that position) for each star in the GO-13297 data set and an average instrumental magnitude (and an RMS about that magnitude) in each band, iteratively rejecting observations that are discordant at the 3-sigma level. The position that we compute here is not optimized for astrometry; to do that we would have to take more care in performing the transformations and would have to weight the observations according to signal-to-noise. Even with these caveats, the position should be accurate to at least the 0.1 pixel-level (5 mas, implying a proper motion error of about 0.6 mas/year, with a time baseline of 7-9 years). This should enable cluster-field rejection, even Fig. 1. -Left, distribution of offsets between our catalogs and the ACS GCS images derived from the 6-parameter linear transformations. Each point represents an exposure. The four-point clumpings reflect the fact that the dithered exposures in each visit tend to have the same guide-star related boresight offset. Right, histogram showing the distribution of relative rotation angle between our catalogs and the ACS GCS. The prevailing offset of 0.05 degree between the two frames indicates that our WFC3/UVIS distortion solution was not properly aligned with the V2 axis of the telescope. This will be improved before the release of the hst1pass software. Fig. 2. -Zeropoint difference between the PSF photometry of the * flc images and the aperture photometry of the * drz images using an aperture of 4.5 pixels (0. 18) in 10 GCs. These zeropoints include the correction for the normalization of our uvm magnitudes to 1000 seconds.
though it is not adequate for a study of the internal motions. A high-precision internal-motion catalog will be constructed using the algorithm in Bellini et al. (2014) , using all available observations.
Photometric Calibration
Thus far in the procedure, our photometry of the GO-13297 images has been kept in the raw, instrumental system in order to give us a direct idea of the intrinsic signal-to-noise of each measurement. We also retain the 1000-s exposure-time-zeropointed photometry to facilitate eventual absolute calibration. While the PSFs we used to measure the one-pass fluxes were normalized to correspond to the total within 10 pixels (0. 4), there is distortion in the raw frames and thus there can be small offsets between our photometry and that produced on the drizzle products, which have been carefully calibrated to VEGAMAG zeropoints.
Therefore, in order to do the absolute calibration, we first had to reduce the DRZ images with aperture pho-tometry using the standard 10-pixel-radius aperture, add the official zeropoints 13 , and the drz-aperture corrections 14 , and cross-identify these stars with the ACS GCS master list in order to arrive at a calibrated magnitude (i.e., in VEGAMAG) for each star detected in each UVIS band. The next step was to determine a zeropoint for each filter.
The difference between our 1000-s-normalized magnitudes and the calibrated photometry should be a simple zeropoint that is the same for all clusters, since the process that goes from flt to drz is the same linear process for all images. Therefore, for ten representative clusters, we determined the offset between our photometry and the VEGAMAG photometry. Figure 2 shows the zeropoint determined for the three different filters for ten different clusters. The average zeropoint is noted at the top. We have used the average of the zeropoint correction for these 10 clusters for the entire sample of 57 GCs.
3.6. Improvements to come It bears repeating that the catalog presented here is preliminary. It is based on a one-pass reduction with static library PSFs and it contains only those stars that were already found in Sarajedini's GC Treasury project. The CMDs shown in Piotto et al. (2015) and papers based on them are different from those that can be constructed from these catalogs in that they are based on a more careful treatment of each cluster (including differential reddening corrections, custom PSF modeling for each exposure, UVIS-based star lists, etc). All of these improvements will eventually be available for the final public catalog, but until all clusters can be reduced in the final optimal way, we decided to make this preliminary, uniformly reduced catalog available now. Section 5 will detail the anticipated improvements.
LEGACY PRODUCTS
The collation procedure described above operates on the list of stars in the original ACS GCS catalog for each cluster. It determines an average position for each star in the reference frame based on the observations from all the filters along with an average magnitude and rms about that magnitude for each star in each filter. It also reports for each filter the number of exposures in which a star could be found (p), the number of times it was found (f), and the number of times it was found consistently and not rejected (g).
Catalog Products
These quantities all come from the new GO-13297 data and are reported in the first 17 columns of our catalog for each cluster. Table 2 lists all the columns in our catalogs. For convenience, Columns 18 through 24 provide basic information from the ACS GCS to allow easy construction of five-band photometry and cluster-field separation proper motions. In columns 25 and 26 we list the displacements which we have rounded to 0.1 pixels. Figure 3 shows an example of our catalog products for cluster NGC 6681. Panels (a) and (b) compare the positions of each star in the ACS GCS and the average position in our F275W, F336W and F438W catalog, which reflects a time-baseline of ∼ 7-8 years. Panel (c) shows the color-magnitude diagram (CMD) in our UV bands, while panel (d) shows the physical distribution of the stars in the ACS GCS reference frame.
In panel (b) we have drawn a square representing the expected astrometric accuracy of 0.1 pixel centered on the origin. Similarly, we have marked in panels (a) and (b) the stars outside a radius of 0.35 pixel as field stars (orange points). The same field stars have been highlighted in panels (c) and (d).
Image Products
In addition to producing the catalog, our procedure also uses the inverse transformations and inverse distortion solutions to map each pixel of the individual flc exposures into the reference frame to generate a representative stack of each band in the ACS GCS frame. These stacks represent the sigma-clipped mean of the nearest pixels from the contributing images and provide a more visual representation of the GO-13297 data in the same frame as the F606W images of the ACS GCS reduction. This should enable users to quickly assess whether particular stars that were missed in this preliminary reduction will be likely to be included when we do the more comprehensive multi-pass final reduction.
These stacks are normalized to correspond to a 1000-s exposure and have the same WCS header information as the GO-10775 images (which have been astrometrically corrected for HST guide-star errors to 2MASS). We also place into the image header the pixel location of the cluster center as determined by Goldsbury et al. (2010) . Finally, we combined together the F275W, F336W, and F438W images into a single RGB TIFF image for each cluster. This is not useful for science, but may be useful for presentations and highlight the extreme populations. Figure 4 shows the stacked color images for four different clusters.
Eventually, these data will be uploaded to the Mikulski Archive for Space Telescopes 15 (MAST), but until then they can be accessed at http://www.astro.uda. cl/public_release/globularclusters41.html and at http://groups.dfa.unipd.it/ESPG/treasury.php.
SUMMARY
This brief paper describes the preliminary catalog we have generated for the 48 clusters of program GO-13297, the Hubble Space Telescope UV Legacy Survey of Galactic Globular Clusters. We also include in the catalog data taken with previous programs that had the same filter set and scientific goals, for a total of 57 clusters.
We ran a one-pass photometry routine on each individual exposure and collated the results against the catalog from GO-10775, the 2006-epoch ACS survey in F606W and F814W. We provide to the community calibrated photometry for each star found in F275W, F336W, and F438W, along with empirical uncertainties and a 2013-epoch position, which can be used for cluster-field separation. Color-color plots from these new catalogs should be particularly effective for identifying stars in different populations to enable spectroscopic follow-up; this is the main reason we sought to make this preliminary catalog available before the final reduction. In addition, we produce a representative stacked image in each band along with a color-composite image.
The data provided here represent the preliminary data products for the survey. The photometry here is different from that in Piotto et al. (2015) in that no customization has been done for each cluster in terms of reddening correction, PSF-modeling, etc. The goal here was to provide a uniform reduction to the community.
Over the next year, we will do a more comprehensive reduction of the dataset. Having the entire dataset in hand will enable us to construct an improved model of the PSF based on the entire dataset, allowing for variations due to focus. Even with such an improved PSF model, we will also construct a perturbation PSF for each exposure so that the stars can be measured as accurately and as consistently as possible (Faint stars are best measured with smaller apertures, but without a good PSF model, this can introduce systematic errors; to avoid this, here we had to use the same 5×5-pixel aperture for all stars). We will also improve the distortion solutions and independently evaluate the astrometric and photometric errors that remain after the pixel-based CTE correction.
The final reduction will not be a one-pass procedure as was done here; rather it will use a multi-pass procedure similar to that described in Anderson et al. (2008) , though optimized for the three-filter dataset that we have here. We will produce new stacks along with subtracted stacks to help users evaluate whether there may be stars that were just below the one-pass finding threshold. We will also perform artificial-star tests to allow users to evaluate the completeness, photometric errors and possible recovery biases. Finally, we will use the final dataset to construct a reddening correction specific to the local neighborhood of each star. These improvements should be made over the course of the next year, with the catalogs released to the community soon thereafter. xuv,yuv are the coordinates transformed into the 0.05 /pix ACS GCS frame m275 is the VEGAMAG calibrated magnitude in F275W band m336 is the VEGAMAG calibrated magnitude in F336W band m438 is the VEGAMAG calibrated magnitude in F438W band m275 sig is the photometric error of magnitude in F275W filter m336 sig is the photometric error of magnitude in F336W filter m438 sig is the photometric error of magnitude in F438W filter gi, fi, pi are the number of times a star has: a good measurement (g), is found(f), and could have been found (p). The subindex indicates the band of the measurement, F275W (i = 2), F336W (i = 3), F438W (i = 4)
id ata is the identification number of the star in the ACS GCS x ata, y ata are the pixel coordinates of the star in ACS GCS, the coordinates span from 0 to 6000 pixels in each axis m606, m814 are the VEGAMAG calibrated magnitudes in the ACS GCS in the F606W and F814W filters RA ata, DEC ata are the Right Ascension and Declination in the original ACS GCS D x, D y are the displacements in pixels, in the original ACS GCS axes and pixel size, these are calculated using the ACS GCS and new WFC3 UV positions as first and second epoch respectively. The displacements can be converted into mas yr −1
proper motions using the formula PM i = (D i × 50.0)/∆Epoch, where the ∆Epoch can be found in Table 1 ], with dist corresponding to the distance of the cluster from the Sun. We must stress that, while the provided displacements D i have an accuracy sufficient for cluster-field separation, they are not suited for internal cluster dynamics.
